IntroductIon
Filigree and granulation are two techniques of decoration (Ogden, 1982) employed on Near Eastern gold jewellery for creating basic geometric patterns on beads, earrings or pendants as early as the 3 rd millennium BC (Maxwell-Hyslop, 1971) . According to the archaeological data, a technical system that consists of fixing gold wires or granules on a golden core by a metallurgical process appeared in the Levant at the beginning of the 2 nd millennium BC at Byblos, on the Lebanese coast. In western Syria (northern Levant), there is evidence for such techniques from the Middle Bronze Age in the royal tombs of Ebla, and then from the second part of the 2 nd millennium BC at Alalakh, Qatna and Ugarit (Nicolini, 1990; Lilyquist, 1993; Prévalet, in press The present paper provides a first study of the technical characteristics of filigree and granulation at Ugarit, useful for refining our knowledge of gold jewellery manufacture in the workshops of this Levantine kingdom where diverse influences, cultures and craftsmen interacted at the end of the 2 nd millennium BC.
Methodology of the study
This analysis involved three gold items currently in the collections of the National Museum of Damascus in Syria: a pair of crescent-shaped earrings (RS 20.57, S 2584 and RS 20.26 , S 2582 -plate 1), a flat round bead (RS 21.197 , S 5744 -plate 2) and a composite bead (RS 21.60, S 5726 -plate 3). The description of the typology, shape and surface of the wires and granules, as well as the hypothesis related to the identification of the joining processes, are based on direct inspection of the artefacts under a magnifying lens and with micrographs, as the first step of the multidisciplinary methodology of my research.
results of observatIons

Wires
Filigree is applied on the three items not so much to decorate them, but rather to underline the edges or the hanging hole, or to support elements. I have observed only one type of wire, round wire, but it was obtained by different methods. On the flat round bead, the two holes used for suspension are underlined by a plain hexagonal-section wire almost a millimetre in diameter (micrograph 1, 120X). The longitudinal rectangular facets are clearly imprinted on the wire, and the annealing granular surface shows superimposed layers and creases caused by the repeated impact of the hammer. These wires were probably produced from a square rod and hammered so that the surface became more regular and rounder. Its function was to reinforce the thin stamped foil where depressions existed, and also to prevent the edges of the foil from cutting the wire from which the bead is sus-
pended. This aspect explains its thickness and perhaps also the methods of manufacture.
The technique employed to produce the wires examined on the composite bead and on the pair of earrings must be block-twisting (Mello et al., 1983) . The square-section wires of the bead, from 45 up to 75/100 e in diameter, are coarse with a lot of irregularities in shape and rough marks on their surfaces. Nevertheless, it is possible to observe slight twists of a few extremities that may result from the helical seams created while rolling the twisted wires (Oddy, 1977) (micrograph 2, 30X). In addition, it also seems that some parts of the wires bear hammered marks, such as facets and wide grooves resulting from the crushing of the edges of the square wire.
In contrast, the wires of the earrings are solid and regularly round, with a diameter ranging between 0.50 and 0.60 millimetres. On the border of the crescent shape, a twist of the rectangular-section strip clearly appears where the rolling was unfinished (micrograph 3, 120X), and furrows may be observed on two wires around the barbs of the earrings. Both of these aspects may represent evidence of block-twisting wire.
Granules
The earrings and the flat round bead are decorated by granulation. The arrangement of the granules in linear, triangular and circular designs is well known from the Bronze Age in the Near East and adjacent areas (Maxwell-Hyslop, 1971; Nicolini, 1990) .
At Ugarit, there are medium calibrated granules of 40-60/100 e , often regular; a majority of them is flattened by use. The bead has three large granules of 75/100 e , and several are irregular in shape and sometimes completely elongated or deformed. In this case, the granules were not well calibrated and graded before their application on the item (cf. micrograph 5).
Different methods for producing granules are known by alchemists, goldsmiths and specialists, and some of them may have been available to the ancient craftsmen (Thouvenin, 1973; Eluère, 1993; Nestler and Formigli, 1994; Carroll, 1974) . For example, experimentation shows that bits of strip cut to almost the same dimensions and smelted in charcoal powder in a crucible up to the melting point of gold could produce medium and even coarse 
Joining system
Microscopic inspection enables us to examine the joining. Two distinct processes were recognized: alloy brazing and copper salt joining, their combination resulting in an alloy which melts at a lower temperature than the melting point of the gold base.
The use of a brazing alloy, which appeared in the Near East during the 4 th millennium BC (Nicolini, 1990) , can usually be distinguished by the presence of a thick joint, as for example on the composite bead, where the wires are holding the globules by a reddish bulky trail of soldering (cf. micrograph 2). The wires of the flat bead are fixed to the item by two bits of solder, one at the bottom against the base foil and one at the top.
The granule patterns in a circular shape that decorate the bead often look flooded on a thick and compact layer of soldering (micrograph 4). At the centre of the bead there is a round line of granules; each sphere is placed on an independent neck-shaped joint resulting from a copper salt joining (micrograph 5, 120X), a process practiced in the Levant at the beginning of the 2 nd millennium BC, at Byblos. The association of alloy brazing and copper salt joining on the same object is also visible on the earrings. Most of their granulated designs are fixed on the gold foil with a copper salt join, as the link between granules of the triangles and the thin neck joint (cf. micrograph 3), in spite of a few thickening-outs or traces of solder at the level of the lines and the triangles, as well as the thick joints of the wires around the barbs, which might represent evidence of alloy brazing. Pieces of solder may have been added where the copper salt joining had not fused because of a lack of contact between the parts.
conclusIon and dIscussIon
Filigree and granulation are not common techniques in Ugarit, as compared to repoussé and incision. Rolled or hammered round wires and medium-calibrated granules characterize those techniques, which are simple processes already known from at least the beginning of the 2 nd millennium BC in the Levant. In terms of the joining operations, the craftsmen employed both alloy brazing and copper salt joining, according to their functions: the first one was probably used more structurally, in the assemblage of the different parts of the object, while the second was more appropriate for minute decoration. However, alloy brazing could also have been practiced to join granules, as in the case of the flat bead. In addition, sometimes it seems that complete control of the joining processes, and more specifically a mastery of the temperature, had not been established, an aspect which led to overheating and flooding.
At this stage of the study, much direct inspection is necessary to sustain the author's assumptions about these three gold items representing the filigree and granulation techniques employed for the gold jewellery of Ugarit. In future research work, scientific analysis and examination must be conducted in order to determine the elementary composition of the gold alloy, and to support the identification of the methods of joining the wires and granules. Then, a multidisciplinary study of all gold jewellery in the Levant dating from the Bronze Age should be undertaken in order to investigate a larger collection of filigreed and granulated items, and to determine the technical choices between alloy brazing and copper salt joining.
